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Inhibition Effect of Bacillus subtilis on 365 nm UV-LED Irradiation According to Packaging Materials
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The use of ultraviolet (UV) spectroscopy for foods is known to have a microbial inhibitory effect. UV-A hav-
ing a longer wavelength than UV-C can be used for continuous or intermittent UV irradiation of food
stored in containers or packages. Because UV-LED can be used effectively at a low price, this study
reported the effect of UV-A 365 nm-LED on inhibiting Bacillus subtilis in accordance with the packaging
conditions employed in daily use. The packaging materials were linear low-density polyethylene (LLD-PE),
nylon/low density polyethylene (LDPE), polystyrene, and glass. When all packaging materials were treated
with 365 nm UV-LED, B. subtilis was observed to remain inactive for 30-60 min. Further, compared with
the control (-log 5), the survival rate of B. subtilis was -log 2.0-2.5 for nylon/LDPE and -log 2.58-3.61 for LLD-
PE. These packaging materials showed an excellent inhibitory effect regardless of their thickness. Typi-
cally, a decrease in the viable cell count of more than 3 log indicates a 99.9% bactericidal effect. These
results suggest that 365 nm UV-LED permeated the packaging material and inhibited bacterial growth.
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(280-315 nm), UV-C (100-280)& FLEE=d|[4], AR A=
o Hd 9 2% FE ALEHIL e A2 UV-C F99
GO 2 AY 2 WEE AL Qlot. SHAT At
2 HWZ =Y QYA E AR 7F FATof A anlA
g HoA HEEHo| 1L, QAo F3ligt UVZL HALE 7] o
2o =& A 93ttt &4 01 Qlt}[5]. Light-emitting
diode (LED)= 7} 580 52 F¥o2 &HA Q2]
LEDE Eo| WAYsLA] gkof o g=] Ao F a1, Aol &
3|5t UVZE HALER] oF2 BE ofu g} fiz o] =1 o] %101
A g0l Aok Aol glo] A 42 WL FHE



Inhibition Effect of Bacillus subtilis on 365 nm UV-LED Irradiation 333

&3 5 ATHE).
= AE ZFE Yl ERAE 4] g o

WY E| =& sto] DNA 7hgo] &4& 927]i, DNA 2
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o] § &op}[7]. Wt UV-Cx UV 99 F 7 &
WAE W % 9ol 4F B A% Holhg, el
7] g&2oll Fatgo] vy o AF FH v YEAT
& A = Utk UV-A E3E A Z Yol LA E g
0%, $47] 2oz 4 AL oz B9 BYNLE
ROS)Z A/ ste] m| &2 DNA AH&S &4AIA P E
& AHETTET SeiA QeHs-10). Tl UV-AL 3ol
2ol 4E WA ARE 5 o] 4F ol U o4
ol G2 nlE S Aok Mori 58] A oA UV-A
(365 nm)yE ©|-&3 & At Al2"lE A7 vF 9laL, Lante
S[11]2 Ty 3t 4o Aol UV-A (390 nm)E XA}
= TS AE TAY AA gl AE35te] UV-AY] Ada
BE Y5ttt sHARE AF A E 7 oA E3] ALE-
2 e AE ZRAYE SR 3 UV-AY A Jdto
ek A= obF] njgE AAolth

oeba 2 Afolis AFE Ay FadE A8, 4
FAAAE SR 93 4E AE TR 365 nm UV-
LEDE ]85} Bacillus subtilis® S A a3tS XA
5+, 365 nm UV-LEDE ©|-§-3F a7t23l A+t A 7]
£9] 4114 ol§ A2 ANFHDA sHeict

Mz 3 AE

BEEEE

2 AP NA AR FFE T u] = 22 A E (Korean
Culture Center of Microorganisms, Korea)ol| A Bacillus
sublilis RoPro} AHS3H9Tt

365 nm UV-LED 3¢

g AM-E UV-LED &%= 365 nm @Y mpgoln, 4
FAH = 7HE 26 cm, A2 13,5 cm 27|19 TS A FE &
% 5}5 o] LED &2 4070 E 7H2, A2 2cem HH 02 R
2ol Aketgiet. AF AY-2 AC adapter (0-8 A, 0-24 V)
£ o] &3t Fastgon, MY 24 VE AT

365 nm UV-LED XA} A] ZAA)]| o] ZA o] u}Z B. subtilis
o] A& A &

43FE 5 ml9¥ nutrient broth (NB; Acumedia Co.,
USA)oll HEal 35CoA 2447 13+ v sk, 12+ v <

3t #3100 ulE 33 nutrient agar (NA) vjX| o] =23}
o #78 w2 oAo] 365 nm UVLED BTF A-g3}
of ZAFSHR, W viR| 9o ARl 4.5 cm, A A&
= 25 Wiem?9] A A A3stAct. B. subtilisol] A} Al
petri dish 90 %218 Hol 2AIR s, Aol LT
$389 FAE 2.0+ 0.1 mm, 3 mm, 5 mmZ &I 5F4cH
oheket 27 QA F AE Aol &3] A EE =8 AE
A NS RSt e AL 9 AR AYALE
£2 o2 (LLD-PE)S 2 T 7} 10 nm&l A& AHESHS
o AFEZZA Y A, YR HEE YL E, HE AP
LDPEZ #4 ¥ &3 ZAAZ F77} 90 um?l A& AHE
sttt A ElL Crystal-grade polystyrene (PS)Z F77}
0.78 mm¢l A& A& 2AF AI7HE 304, 60+, 12042,
180820 2 3193, RAF A] vjA] EHE &=L 30-35T =2
Ao FAHAT ZA7F B F peu dish} F7&
g0 BARATE B0 A9 o FE ol T,
35Tl A 18A17F vt FAHE JF4E Agstgct. &
S5 Algsto S-S FHRL, log T2 F + A
= 182 o) 4 ol AT,

Log survival ratio = Log (Nt/Ng)

Nt : UV-LEDE ZARE A EZ9] A4
No : UV-LEDE RA}SHA] & dizF+9] A4

2 o

365 nm UV-LED RA} A] LLD-PE(Z}H3 € ) S7o) &
B. subtilis®] 35 A &7}

Ayo] AHE3 LLD-PES F7+= 10 nm® 20 nmZ,
20 nm2] A¢ 10 nm? LLD-PEE F o2 AAA AL
atglth. LLD-PEQ] £Ao| w2 B. subtilis S A &zt
£ WET ARFig. 1), 30&2°] He AFAA 10 nmé}
20 nm & A 2% B subtilis 0] 223 g4y e
o, I o] ¥ A& Tadtes BFS B T 1808 F
ot HE 2AFSt] PEES log o2 UEd A3, 10 nm
FAAE oF -log 2.58, 20 nm FA %A= oF -log 3.61&
2 B. subtiliso] gt A& JA &35 2} SHATE LLD-
PES] FAo w2 & A& JA 53t Zpol= mjujgt AL
2 Ueytt

365 nm UV-LED ZA} A] nylon/LDPE(XZ3Z%7]) S7
o] w2 B. subtilisS] 3-8 AA &3}

2 dtolMe 2% AEE Nylow/LDPERE 3o 90, 180,
270 9 360 um® FA A B. subtilisol] T3t S A A
T E WEsGtH(Fig. 2). AL Al7ko] AojA= 3t vl
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Fig. 1. Inactivation of B. subtilis by ultraviolet A (UV-A) light-
emitting diode irradiation on LLD-PE packaging material
with various thickness.

Zoz gEgol FAAY. F 1202 B U 2A
RAZEEE log o2 Yl A3k 90 umol| A& oF -log 2.75,
180 umo A= 9F -log 2.78, 270 umo A= 9 -log 2.81,
360 pmoj A= oF -log 2.972 Nylon/LDPEQ] 7] 3po]i
s oA ado] A FFE wAA gsi.

365 nm UV-LED XA} A] PS (polystyrene) 57 ©}2 B.
subtilis®] 35 A ax}

I Z PSE AFE5}19] 0.78 mme} 1.56 mm 2] F74 o
Al B. subtilise]] thgt A5 A =& FEHHFig. 3).
0.78 mm&] T 9] 3%, 60%0] H= A HA B. subtilis
o] AELL 9F Jog 2.302. 2 30EA 2] 2L -log 0.48
of v]3f oF log 1.82%+F A #4stgth AlZtel wet B.
subtilis®] &-&o] AR} 7435t0] 1808 H& AlF A9
AZELL oF Jog 3.292 log 0.834+E 3A ZHAFATH
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Fig. 2. Inactivation of B. subtilis by ultraviolet A (UV-A) light-
emitting diode irradiation on nylon/LDPE packaging mate-
rial with various thickness.
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Fig. 3. Inactivation of B. subtilis by ultraviolet A (UV-A) light-
emitting diode irradiation on crystal-grade polystyrene (PS)
packaging material with various thickness.

1.56 mm9| FA Q] L, 3024 HEEL < -log 0.07,
60E A= oF -log 1.07, 1208-0]l= 2F -log 1.27, 180&-0]l=
oF -log 1.330. 2 A|7to] |G 48 AEES T2 A,
0.78 mm®| FAo] ]3| FaFo] AA F7I8A = skt
HE Y2E EI 9 Jog 1.330F S AA EF:=
0.78 mm&] =7 ] wu]s}¢ict.

365 nm UV-LED RA} A] §-8 FH o] = B. subtilis]
AL A a3

UV-A (320-400 nm)&= o7to] Zo] AW & 4
BHE Tl Hojum, 4 mm FA Y] {29 UV-A (315-
400 nm)E ZARSE A 23, 7.4 Wiem?2] RAFE A 2]
Fih&o] 74.3%2 B o] grh12]. & dFA= 2
EAEEEQ, 3 2 5 mm) 365 nm UV-LEDES ZA}s}to] B,
subtilisoll T3t A5 A =g WAt 1 dih(Fig.

Irradiation time (min)
0 30 60 90 120 150 180

T

'
[}

—e— control
4 L[ —©0—2mm
—A—3mm
——5 mm

Log survival ratio (Log N,/N,)

Fig. 4. Inactivation of B. subtilis by ultraviolet A (UV-A) light-
emitting diode irradiation on glass packaging material with
various thickness.
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4), 365 nm UV-LED ZA} 3 305Ao] ZE 2749 B
subise] BEE0] F5) AEALA, o F AGAS
NEEo] FadtE AFE HHYLt. o Zo| 7}y 2
AL 3 mme| FAR, A7to] Ag4F oF log 0.5 HAHL=
F&3] ZAastant. & 1808 Sot WS XAWSlY B. subtilis
O HEES log o E YEHH 23}, 2 mm FA A= oF
-log 2.75, 3 mm FA A= ¢F -log 2.97, 5 mm FA A=
oF -log 1.84% 7} FAE oA 71 ¥& A5 A
538 Bt 2 23 QAL B. subtilis®] FHEE]
-log 2-321 Aof H|3] 2= -log 1-2& B. subtilis®] HE
£o] g &4 #BHEEUL, UV-AY 3%, 48 Exgo] v
57 oF Ao Slggltt
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UVE o]&3 A& A3t A2 7|& 4 4 2 &=
o] #I AFE FE UV-Co| ZFEo] Qlt}. PET,
PVC, PP 4 PE A& 9] EetAE AFof tigt UV-C (200~
280 nm)] Fa+& 9 v|AE AbE Ao B/ A[13],
PET/PE (0.063 mm) Z2°% 4 PEI/EVOH/PE
(0.4 mm) E#o]¢} PA/PE (0.090 mm) rL}—%i] 23] UV-
C ZAF 3, AR 7|7 EoF n| B0 24 2 Ho| i3t J1
[14] Sl 93] UV-CY n]HBE S A EJ—"7]’ 2 Z 0] A
R e k- P R I e SRR R A L

H dilo] o]8H ZAAYEL Yutyg o AE xZ A] 7}
R /\}‘QQ—'— %t LLD-PEE= Y EEEu-9-2] ¢} 7}
B8 HeE FE5HA AHEEHI Sl 2AAE |, LD-PE
= dx48 éao]‘% 43§ Az 9 BA, ntavz 9 A
7Y 9284 87, R4 F48 Fol 5 Yo E
IR YFOo 2 F2 AHEH B3 PSE PE, polypropylene
(PP) 5 T AF 2o Wol] AHEEH = ArE B4 &

Bt 7hH 9] A2 fEEHE AEE B, M E=H T
o AFgHT}H15]. E 4+E 53 LLD-PE, nylon/LDPE ¥
PS9 ZAAYE 365 nm UV-LED A, B. subtilis®] =
£0o| oF -log 2-3 M9IE EI=E Tt o]0 e}, 365 nm
UV-LED ZAHE ¥utA o2 AMGE Qe A& Z4A 9
2238 2L Bacillus subtilisE ¥ &3t n| Y& AS JA
£ B9t AEY A% 2 AF F4Y I 7IdE = 9
Ao q=Hr}. vhd 2] A AL, B. subtilis2)]
AEEo] oF -log 1-29] MR oA AFT 3 TFY X
Aol vla yEE0] o #A Yepylth ol wheh UV-AL] 7
&, 2 ZAA | Hgt Fahgo] vl ofgt Ao g gl
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